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On the basis of earlier studies on the regeneration and transplan- 
tation  of  the  skin  in  various  species  of  animals,  1 Loeb  concluded 
that a  definite relation might exist between the structure of the nor- 
mal skin and its proliferative power.  He sugges.ted that an epider- 
mis consisting of a larger number of cell layers, as in the guinea pig, 
might show under normal and  abnormal conditions a  greater pro- 
liferative power  than  an  epidermis consisting only of  one  or  two 
cell layers,  as  in the pigeon; and he believed that  the difference in 
structure between these two types might be due to differences in the 
proliferative power of the epidermis.  Addison and Loeb confirmed 
the  validity  of  this  suggestion. 
In accordance with the structure of normal skin, the normal and 
regenerating epidermis of the pigeon showed less proliferative power 
than the  epidermis of the guinea pig3  It  was,  however,  possible 
that  some  special  condition  existed  in  the  pigeon  which  was  re- 
sponsible for the diminution of proliferative energy in this animal. 
Before  i,t  could be  concluded that  the  relation  between the struc- 
ture  and  proliferative  power  of  guinea  pig and  pigeon skin  was 
causal  and  not accidental,  and  was  of  general  significance, it was 
necessary to compare with guinea pig skin, as representative of an 
epidermis with a  larger number of cell layers  and correspondingly 
* Received  for  publication,  October  28,  IgI  4. 
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grea~ter proliferative power,  the skin of another animal possessing 
an epidermis similar in structure to that of the pigeon. 
At the suggestion of Dr.  Loeb we made a  comparative study of 
guinea pig and rat skin.  The rat was Chosen because its epidermis 
has, like that of the pigeon, only one to  two cell layers. 
NORMAL  SKIN. 
We studied also normal guinea pig skin and confirmed the figures 
given in the  former paper2  The  structure  of normal guinea pig 
TABLE  I. 
Normal  Skin. 
Guinea pig.  Rat.  ii 
No. of layers of living cells in the epidermis..  3-5  I-2 
Thickness of the stratum germinativum .....  25.o-5o.o/z  9.6-I3.4/z 
(25.0-4o.0 ~) 
Thickness of the upper layer of the epidermis. I  2o.o-4o.0 Iz  5.7  -  7.9/* 
Size of cell  in basal row 
I  =  length ..........................  Io.5  -I2.75/z  7.8  -  9.9 I~ 
2  =  breadth .........................  6.o  -  7.o~  6.0  -  7.0/z 
(9.91-I2.8/z) 
Size of nucleus in basal row 
I  =  length .......................... 
2  =  breadth ......................... 
No. of mitoses in area I mm. long and 50/~ wide 
8.5~ 
5.6F 
(7.8-8.6~) 
(5.6-6.8~) 
io-i5 
(Average, 12) 
IO-I4 
(Average, 12) 
5.I-6.2~ 
5.o-6.o~ 
3-6 
(Average, 4.) 
No. of cells in basal row in I  mm  ............  [  I55  I44 
and rat skin is represented in table I; in the case of the guinea pig 
our new figures are added in parenthesis. 
A  comparison  of  this  table  with  table  I  of  our  previous  paper  4  shows  the 
similarity between  rat and pigeon skin, which is  brought out clearly  in  almost all 
the  measurements.  There is, however, a  slight  difference  in  so  far as the height 
8 Loeb  and  Addison, Arch. f.  Entwcklngsmechn.  d.  Organ.,  1913,  xxxvii,  635. 
4For  the  figures  referring  to  the  pigeon  see  Loeb  and  Addison,  Arch.  f. 
Entwcklngsmechn.  d.  Organ.,  I913,  xxxvii,  636,  637  (table  I). Kate  C.  Spain.  195 
of  the ~basal cell  and  its  nucleus  is  concerned.  It appears  to  be  slightly larger 
in  rat  than  in  pigeon  skin.  The  number  of  mitoses  is  also slightly greater  and 
the  stratum  germinativum somewhat  thicker  ir~ the rat  than  in the pigeon.  The 
differences  between  both  kinds  of  epidermis  are  therefore  very  slight.  In  the 
guinea  pig  the  stratum  germinativum  is  almost  three  times  as  thick  as  in  the 
pigeon  or  rat.  The  same  unit  area  for  counting  mitoses  was  used  as  in  the 
former work;  namely, an  area  I  ram.  long and  50 ~  wide.  In the rat 3 to 6,  on 
the average 4,  mitoses were  found  in  that  area.  In the pigeon the average was 
3,  while it was  12 in the guinea l~ig.  There are approximately  1,2o4 cells in the 
unit  area  in  the  guinea  pig  with  an  average  of  12  mitoses;  almost  all  mitoses 
are  found  in  the  basal  layer.  There  occurs  then  about  I  mitosis  in  every  Ioo 
basal cells in the epidermis of the guinea pig.  In the rat we find in the same unit 
area  approximately  I,O36 cells.  There  occurs  I  mitosis  in  every 259  basal  cells 
in  the epidermis  of the .rat. 
There are, therefore,  2.5  times as  many  mitoses  in the  same number  of  cells 
in  the  guinea  pig  as  in  the  rat.  The  potential  energy  displayed  in  the  basal 
cells of the guinea pig is therefore almost 2.5  times as large as  in  the rat. 
REGENERATING SKIN. 
In table  II will  be found the figures  representing  the conditions  in 
the regenerating epidermis of the rat.  In the case  of the guinea pig 
and  pigeon  we  refer  to  the  corresponding  tables  of the  former 
paper3 
The wound  made in  the rat  skin  was  of the same length as in the guinea pig 
and  pigeon;  namely,  approximately  3  ram.  in  both  diameters.  All  observations 
and  measurements  were  made  in  exactly  the  same  manner  as  in  the  previous 
paper,  with  the  same  stages  of  regeneration  and  the  same places  in the wound. 
Before the closure  of the wound  the number  of  living cell rows  and  the thick- 
ness  of  the  living epithelium  were  measured  at  the  tip  of  the  tongue,  at  the 
juncture of the tongue with 'the old epithelium, and in the old epithelium near the 
insertion  of the tongue.  After closure  of the wound,  measurements  were taken 
at  two  places;  namely,  in  the  center  of  the  former  defect  and  at  the  insertion 
of the  former tongue. 
Two  days  after  excision  of  the  piece  of  skin,  the  size  of  the  regenerating 
epithelial  tongue  in  the  guinea  pig is  much  greater  than  in the pigeon  and  rat. 
In  the  rat  it  is  slightly larger  than  in  the  pigeon;  it  grows  in  the  guinea  pig 
more  rapidly than  in  either  of  the  two other  animals.  The  de~ect is greater  in 
the  pigeon  than  in  the  rat  and  guinea  pig;  in  these  two  animals  it  is  very 
similar.  This  is pro,bably  due to  the  fact that  in the pigeon  a  retraction  of  the 
margin  of  the  wound  usually  takes  place,  while  such  a  retraction  does  not 
occur in  the guinea  pig and  rat.  In the  rat  the  tongue grows  constantly  up  to 
the  ninth  day,  but  towards  the  end  of  this  period  near  the  time  of  closure  of 
the  wound  the  increase  is  very  s~ight.  Also,  in  the  other  animals  there  is  a 
Loeb and  Addison, Arch. ft. Entwcklngsmechn.  d.  Organ., I913,  xxxvil, 64I, 
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constant  growth  of  the  tongue  up  to the  time  of  the  closure,  but  the  rate  of 
growth  is not identical in the three species~ 
On  the  2d  day  the tongue  is  greatest  in  the  guinea  pig;  on  the  5th  day  it 
reaches  ~in  all animals  about three to  fon.r  times the  s,ize it had  on  the  2d  day. 
The  increase  is,  ho.wever,  greatest  in  the  guinea  pig,  and  least  in  the  pigeon. 
Between  the  5th  and  7th  days,  the  increase  is  relatively less  in  the  guinea  pig 
than  in  the pigeon and  rat.  Between the  7fh  and  9th  d'ays  the  in.crease  in  the 
tongue is relatively less than in the previous periods.  We therefore notice in all 
species  a  gradual  dimi,nution  in  the  relative ,increase  of  the  tongues  (expressed 
in  percentage increase  over  the  size at  the  end  of  the  preced'ing period)  after 
the 2d day. 
The closure .of the wound in the rat  as well as in the other animals does not 
• take  place  merely  through  ,an  outgrowth  of  the  tongue,  but  also  through  a 
contraction of the  wound as  a  whole. 
The number of rows of 1.lying cells, and the thickness of the liv,ing epithelium 
varies at different periods of regeneration.  We find  the count in the pigeon and 
rat  to be  nearly  the  same,  the  figures  being usually  a  little greater  in  the  rat 
than  in  the  pigeon,  but  they  are  much  greater  in  the  guin,ea  pig  than  in  the 
pigeon  or  rat.  We find  some differences according to the various  places  where 
measurements  were  taken.  In  the  pigeon  and  rat  the  thickness  of  the  living 
el~ithelium  at  the  tip. of  the  tongue  and  in  the old  epithelium  are  very  similar, 
while at the point  of in'sertion the tongue is  much thicker than  at either of the 
other two places.  In  the guinea pig the old epithelium is,  at the various stages 
of regeneration, usually th,icker  than the epithelium at the tip of the tongue.  As 
in  the  rat  and  p~geon, in  th.e guinea  pig  the  epithelium is. thickest  at  the  point 
of  in,  sertion  of  the  tongue.  In  the  guinea  pig  the  greatest  thickness  of  the 
regenerating epithelium at the p.c~int of inserti.on  o.f the tongue is reached between 
the  7th  and  Ilth  days,  while  in  the  old  epithelium  the  greatest  thickness  is 
reached on the 7th day at the time of closure.  In the pigeon the greatest thick- 
ness  is  reached  between  the  ~th  and  I lth  days,  but  here  again  at  the  point  of 
insertion  of  the  tongue  the  epithelium  is  thickest  just  previous  to  the  time  of 
closure on the 9th  day;  while in  the  rat  the  thickness  is  greatest  from the 5th 
to the  I4th  day.  As soon as  the  tips of the tongues  meet,  the  th.ickness  of the 
living  epithelium  in  the  middle  of  the  former  wound  is  greater  than  it  was 
previously at the tip of the tongue in the rat and  pigeon.  This indicates that the 
two tongues  in  meeting exert pressure  upon  each  c~ther.  The  wound  closes on 
the 7th day or  soon  afterwards  in the guinea pig,  on the Ilth day in the pigeon, 
and  between  the 9th  and  ioth  days  in  the  rat.  There  is,  therefore,  no  marked 
connection between the thickness of the regenerating epithelium and the time of 
closure of the wound, other than as indicative that at some place the regenerating 
epithelium is slightly thicker just  before or  at the time of the closure, and  that 
the closure effects the thickness  in the center of the wound, the thickness at this 
place after  the  closure  being greater than  at  the tip  of the  former  tongue.  In 
the  guinea pig the  maximum  of the  thickness  of  the  living epithelium  is  about 
twice as  large at the point  of the  insertion  of  the  tongue and  about  four times 
as  large in the old epithelium as in the rat and in the pigeon. 
The figures in ta.ble III represent the size o.f cell and nucleus and the number 
of  mitoses  during  the  different  stages  of  regeneration  in  the  rat.  For  the 198  Structure  of  Epidermis  of  Rat  and  Guinea Pig. 
TABLE  III. 
Rat Skin. 
Dy. 
i 
5 
No.  of 
pieces 
of 
skin. 
i  ! 
2 
3  ! 
Size of  cell. 
86.5 # 
II.5  X 7.6# 
II.3  M 7.9# 
Io.9  X 7.6 # 
96.8 # 
:tL7  X 7.9 # 
i2.2  X 8.0 # 
I2.6  X 8.I # 
11L3 # 
x3.6  X 9.0 # 
I2.7  X 8.6 # 
"r3.2 X 8.r # 
lO2.8 # 
i2.i  X 9.0 # 
I2.9  X 7.9# 
iL3  X 8.7# 
86.9 # 
Io.2  X 6.9 # 
II.I  X 8.8 # 
II.8  X 8.0# 
65.4 # 
8.9  X 6.9 # 
0.2  X 7.3 # 
Io.2  X 7-3 # 
Size of nucleus. 
48.3 # 
7.6  X 6.1 # 
8.0  X 7.9 # 
8.o  X 5.9 # 
55.8# 
8.8  X 6.7 # 
8.'r  X 6.5 # 
8.8  X6.I# 
64.2 # 
9.3  X 6.9 # 
8.8  X6.I# 
Io.3  X 7.6 # 
59.4# 
8.3  X 6.6 # 
9.0  X  7.2 # 
8.8  X  7.0 # 
47.5/z 
7.6  X6.I# 
7.2  X 6.5/z 
6.7  X 5.9 # 
42.48/z 
7.I  X 6.I/z 
6.6  X 5.8 # 
6.9  X 5.9/L 
i No. of mitoses in one area z  mm. 
long X  5o tx wide. 
New epithelium. 
23 
28 
I7 
27 
3I 
42 
23 
z5 
3z 
I2 
15 
IO 
I5 
9 
II 
Old epithelium. 
24 
26 
28 
22 
23 
I7 
i6 
I3 
ii 
9 
9 
I5 
8 
IO 
9 
corresponding figures in the guinea pig and  pigeor~  the reader  is  referred to  the 
former  paper.  6  In  the  guinea pig  the cell  increases  in  size  up  to  the  7th  day 
when  the  maximum ~ize  is  reached.  This  is  followed  by  a  sudden  decrease 
which  makes  the  cell  slightly  smaller  than  it  had  been  on  the  2d  day,  but  it 
remains  somewhat  larger  than  in  the  normal  skin  throughout  the  period  of 
observation.  The changes in the nucleus are  similar to  those in  the whole cell. 
The size of the nucleus also reaches a  maximum on the 7th day, shows a  marked 
decrease on the 9th day, but remains larger than the nucleus of the normal skin 
throughout  0bs,ervation.  The  number  of  mitoses  also  reaches  a  maximum on 
the  7th  day  and  experiences a  sudden  sharp  fall on  the  9th,  and  declines  very 
slowly but steadily from  the 9th  to  the  I4th  day.  The number on  the  14th  day 
is  still  higher than  in the normal  skin. 
The time of the maximum size of  cell and nucleus and the time of the maxi- 
mum number of  mitoses correspond  very  well  with  each  other,  and  both  coin- 
cide with the time just preceding the closure of the wound.  The closure of  the 
wound is  followed by  a  marked  fall  in  the figures representing the  s,ize  of  cell 
and  nucleus and  the  number of  mitoses. 
6 Loeb  and Addison, Arch. f. Entwcklngsmechn.  d.  Organ.,  1913,  xxxvii, 635. Kate  C.  Spain.  199 
In  the pigeon  the  maximum  size of  cell and  nucleus  is also  reached  on  the 
7th  day.  On  the  9th  day  we  notice a  decline in  the  s{ze of  cell  and  nucleus, 
which,  however,  remain  increased  throughout  the  period  of  observation.  The 
maximum  number  of  nfitoses  is  reached  between  the  sth  and  9th  days;  it  is 
followed by a  marked decline on the Iith day,  but the number remains increased 
over the number  in the normal  epidermis  throughout  the period  of observation. 
We  see,  therefore,  that  here  the  maximum  in  the  number  of  mitoses,  while 
reached as  early as  ir~ the guinea pig  (or even slightly earlier), extends  over a 
longer  period;  this  increase  in  duration  is  probably  connected  with  the  later 
closing of  the wound  in  the  pigeon.  There  is,  however, in the  pigeon a  slight 
discrepancy between the curves of cell size and  of number of mitoses, in as  far 
as here the curve of the size of cell and nucleus begins to decline on the 9th day. 
The  decline  in  the  cell  size on  the  9th  day  is,  however,  relatively  slight.  The 
maximum for the number of mitoses and  size  of cell is present  in the pigeon as 
early as on the 7th  day,  although the wound does not close for 3 or 4 days  later. 
In  the  rat the  maximum size of cell and  nucleus  is reached on  the 7th  day; 
the size of cell and nucleu.s decl,ines very slightly on the 9th day.  It continues to 
decline steadily from then to the x4th  day,  but is still larger at that time than  in 
the normal  skin.  The maximum number  of mitoses is  reached  on  the 7th  day, 
.but it is almost as high on the 5th  as on che 7th day.  There is a  decrease from 
the 7th  day to the 9th  day,  ,then there occurs a  further  decided decrease on the 
IIth  day,  and  the  number  cor~tinues to  decrease on the  I4th  day,  trot  it  is  still 
higher at  that  time than  ,in  the normal  rat  skin. 
We see in every case a  marked  decline in  the number of mito,ses at  the time 
of  closure of the wound,  and  the  maximum number  is  reached  on the  7th  day, 
or even shortly  before.  There is a  constant  increase from the beginning to  the 
7th  day,  and  while ,it  is  already  high  at  the  5th  day  irt  the  three  species,  in 
most cases it is not quite as  great at that  time as  on  the  7th  day.  The decline 
after the closure of the wound is sharpest  in the guinea p~g; here the  d,ifference 
between  the  maximum  number  of  mitoses  on  the  7th  day  and  the  number  on 
the  Ilth and  I4th days is gre,~ter  than  in the pigeon and  rat. 
We  find,  therefore,  in  all  three  species  during  the  regeneration  of  the  epi- 
dermis  the  maximum  in  size of  cells  and  nucle~ approximately  on  the  7th  day, 
independently of the closure of the wound.  In case the wound is not yet closed 
on  the  7th  day,  the  size of  the  cell and  the  number  of  mkoses  either  do  not 
decline, or they decline relatively less until the closure takes  place,  when a  more 
marked  decE~e  occurs.  The size of cells and  nuclei and  the number of mitoses 
remain increased over the normal figure throughout the period of observation. 
We  now  wish  to  consider  how  the  three  species  differ  among  themselves 
in  the  figures  for the  size of  cell and  nucleus  and  for  the  number  of  mitoses. 
During the process of regeneration the ~ize of the guinea pig cell is the greatest. 
In  the  rat  almost the  same  figures  are  found  as  in  the  pigeon,  but  the  figures 
in  the  ra/c are  slightly higher than  those  in  the  pigeon.  In  both  these  animals 
the figures are markedly lower than  in the guinea l~g.  M,itotic cell proliferation 
and the size of cells and nuclei show,  therefore, proportionately the same differ- 
ences in the regenerating tissue of these three species as in the normal skin. 
The relative irLcrease in  mitoses  during  regeneration over the  number  found 
in the normal  epidermis is apparently not quite so large in the guinea  pig as  in 200  Structure  of  Epidermis  of  Rat  and  Guinea  Pig. 
the  rat  and  pigeon.  The  normal  epidermis  of  the  guinea  pig  has  in  the  same 
area  four  times  as  many  mitoses  as  the  normal  epidermis  of  the  pigeon,  but 
during  regeneration  it has  only 2  to 2.5  times as  many mitoses as the regenerat- 
ing epidermis  of the pigeon.  The normal  epidermis  of the guinea pig has  about 
three  times  as  many  mitoses as  the  normal  epidermis  of  the  rat,  while  in  the 
regenerating  epithelium  the  number  of  mitoses  in  the  guinea  pig  is  less  than 
three  times  as  high  as  in  the  rat,  if  we compare  during  regeneration  each time 
the  max.imum  number  of  m~toses..  At  other  periods  the  superiority  in  the 
number  of  mitoses  on  the  part  o.f the  guinea pig  is  still  less  marked.  We  see, 
therefore,  that  apparently  the  effect of a  regenerative  stimulus  is  relatively not 
quite  so  gre~t  in  skin  in  which  under  normal  conditions  much  proliferation 
is  taking  place  (guinea  pig)  as  in  skin  in  which  under  normal  conditions  less 
proliferation  i.s  taking  place  (rat).  This  method  of calculating,  however,  does 
not .consider  the  difference  in  the number  of  cells in  the  same  area  in  the  dif- 
feren.t  species  of  animals.  We  must  consider  the  number  of  mitoses  in  each 
species  in  proportion  to the number  of  cells in  a  certain  area  in the resting  and 
in  the  regenerating  epithelium  of ,the  various  animals. 
In  normal  guinea  pig  epidermis  we  found  I  mitosis  to.  every  IOO  cells;  in 
normal  rat  skin  I  mitosis  to  every  259  cells.  In  guinea  pig  skin,  therefore, 
there  are  in lhe  same number  of  cells 2.5  times  as  many  mitoses  as  in  the  rat. 
In the  regenerating  skin  the  size of  the cell increases.  While in  all  the  species 
the size of  the  regenerating cell is greater  than  the resting c:ell, the proportional 
increase in the size of the regenerating cell over the resting cell is approximately 
the same in the guinea pig,  pigeon,  and  rat,  or if any  difference e:~ists  it  is  only 
slight.  We  may,  therefore,  consider  the  number  of  cells  upon  whi,ch  we  base 
our  comparisons  of  the  increase  in  the  number  of  mitoses  during  regeneration 
in  the  rat  and  guinea  pig  as  approximately  con#cant;  because  the  number  of 
changes  in  both  species  has  approximately  the  same  proportion,  the  size of  the 
regenerating  cell  in  the  guinea  pig,  as  well  as  in  the  rat,  being  approximately 
four  to  five times  larger  than  the  resting  cell  of  the  same  species,  if  we  use 
two diameters  in calculating ,the  size of the cells.  If we consider,  therefore,  the 
number  of  mitoses  in  both  species  occurring in  the  same number  of  ce!Is under 
normal  conditions  and  during  regeneration,  the  increase  during  regeneration  is 
approximately  as great in the guinea pig as  in the rat.  We may,  therefore,  con- 
clude  that  the  proliferative  energy  of  the  epithelial  cell  of  the  guinea  pig  is 
stimulated  through  making  a  wound  just  as  effe6tively as  the  epithelial  cell  of 
the  rat.  The  effect of  stimulation  as  evidenced  in  the increase  in  proliferation 
during  regeneration  is  as  great  in the guinea  pig as  in the  rat. 
A  comparison  of  the  number  of  mitoses  in  the  different  species  at  the  dif- 
ferent  periods  of  regeneration  shows  tha~: after  the  closure  of  the  wound  the 
difference  in  the  number  of  mitoses  between  guinea  pig  skin  on  the  one  hand 
and  rat  and  pigeon  skin  on  the  other  is  mu~ch less  than  before  the  closure 
of  the wound,  which  is  another  express:ion  of  the  fact  that  the  decline  in  the 
number  of  mitoses  after  the  closure  of  the  wound  in  the  guinea  pig  is  much 
greater  than  in  the  ~at  and  pigeon. 
A  comparison  of the relative number  of  mitoses in the different parts  of  the 
epithelium during  regeneration  shows  the following: Two days after the making 
of  the  wound  all  the  mitoses  are  found  in  the  old  epithelium  and  none  are Kate  C.  Spain.  201 
observed  ,in  the  epidermal  tongue.  This  applies  to  all  three  species.  After  5 
days  the  number  of  mitoses  in  the  tongue  is  somewhat  larger  than  in  the  old 
epithelium  in  the  guinea  pig.  The  same  holds  good in  the  pigeon,  while  the 
number  is  about  equal  in  both  places  in  the  rat.  On  the  7th  day  in  all  three 
species  the  number  of  mitoses  is  much  grea'ter  in  the  new  than  in  the  old 
epithel,ium.  After  9  days  the  number  of  mitoses is greater  in  the  old  than  in 
the  new  epithelium  in  the  guinea  pig,  while in  the  rat  and  pigeon  the  number 
of mitoses is .still greater in the new epithelium, because in the two latter animals 
the  wound  is  either  not  yet  closed  or  is  just  at  the  point  of  closing  at  this 
period,  in contradistinction  to  the guinea  pig,  where  the closure  has  taken  place 
previously.  On  the  IIth  and  I4th  days  the  difference  between  the  number  of 
mitoses  in  the  old  and  new  epithelium  is very  slight in  all  three  species.  The 
number  is,  however,  in  the  rat  and  in  the  pigeon  slightly  greater  ir~  the  new 
fhan  in the ,old  epithelium,  while it  is  about  the same  in  the guinea  pig. 
We  find,  therefore,  in  all  three  species  the  increase  in  mitoses  at  first 
entirely  confined  to  the  old  epi'thelium.  Then  .the  numt~er  of  mitoses  becomes 
greater  in the  new than  in, the old epithelium  on the 7th  day.  After closure  of 
the wound  on  the  IIth  and  I4th  days  the  number  of  mitoses  is  slightly greater 
in the new than  in the old epithelium in  the case ,of the pigeon and  rat,  while it 
is  about  equal at  both  places  in the guinea  pig. 
SUMMARY. 
I.  A comparative study of the resting and regenerating epidermis 
of  the  rat,  pigeon, and  guinea  pig  shows  the  connection between 
the structure of the skin and the proliferating power of the epithe- 
lial  cells.  We  may at  present distinguish two  types  of epidermal 
cells:  (a)  cells  with less proliferative energy (pigeon and rat), and 
(b)  cells  with  a  greater  proliferative  power  (guinea  pig);  the 
former provides the element from which the type of a thin epidermis 
is  built  up,  while  from  the  latter  the  type  of  a  thick  epidermis 
develops. 
2.  The cell type with greater proliferative power in the normal 
skin shows also greater proliferative power during regeneration, and 
the regenerative stimulus causes approximately the same relative in- 
crease  in the number and size of cells and nuclei in both kinds  of 
skin during regeneration, provided that we base our determination 
of the number of mitoses on the same unit number of cells in both 
skins rather than on the same unit area.  The absolute increase in 
the number of cells during regeneration is greatest in the type with 
the greatest proliferative power in the normal cell  (guinea pig). 
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similar  curve  in  the  different species  during  regeneration.  They 
reach a maximum approximately on the 7th day; remain stationary 
or  show some decline  from the 7th  day  on until the time  of  the 
closure  of  the  wound;  following the  closure  a  further  fall  takes 
place; but the figures remain higher than in the normal epidermis for 
a  considerable period afterwards.  There seems, therefore, to exist 
under the conditions of  our experimentation a  period of approxi- 
mately 7 days, at the end of which the regenerative stimulus reaches 
its maximum effect. 
The closure of the wound represents probably an additional factor 
determining the curve of cell proliferation.  Failure of the wound 
to close at  an early date seems to make the decline in  the number 
of mitoses sharp after the maximum has been reached. 
4.  The  curve  represen,ting the  thickness  of  living  regenerating 
epithelium declines much more slowly than the curve representing 
cell  size  and  number  of  mitoses.  This  indicates  probably  that 
even after closure of the wound some push of epithelial cell towards 
the center of the former wound continues to take place. 
5.  From the second day the additional growth of the epidermal 
tongue decreases in each successive period, if we use the length of 
the tongue a.t the beginning of each period as the unit of measure- 
ment. 
6.  Retraction and contraction of the wound are factors additional 
to epithelial movements and epithelial proliferation determining the 
closure of the wound. 